More and more studies show that chronic inflammation can lead to tumor formation. The complex interactions of inflammatory cells, stroma and tumor parenchymal cell are closely related to tumor formation. Under the state of chronic inflammatory microenvironment, long-term interaction of inflammatory cells and stromal cells as well as the parenchymal cells makes signaling pathway in parenchyma cells disordered. A series of gene level editor modification, epigenetic changes, and the regulation of transcription and translation changes will happen based on signaling pathway disorder. The changes ultimately lead to cell mutations and phenotypic transformation occurred. Recent findings provide an objective basis for cancer treatment and prevention. However, further discusses at the core of the possible molecular in tumor formation provide a theoretical foundation for future study of the pathogenesis and molecular targeted therapy of cancer. This review summarizes the research in the field of chronic inflammation and cancer in recent years, and analyze the molecules network in the process of the carcinogenic inflammation comprehensively. Beyond that, this review intends to describe possible carcinogenic inflammation core molecular and provides a theoretical basis for future study of the pathogenesis, chemoprevention and molecular targeted therapy of cancer.
Introduction
Inflammation involves a series of dynamic reactions which occur when the body is subjected to physical and chemical injury or infection and the immune system is activated. A variety of inflammatory cells and inflammatory cytokines interact with each other to regulate the balance of pathophysiology in the inflammatory microenvironment. Under normal circumstances, the body's regulation is restored when pro-inflammatory factors subside and inflammation is resolved. This is known as controllable inflammation, which can resolve infection and injuries, induce apoptosis of damaged cells, avoid the accumulation of damaged cells, and inhibit malignant transformation. If the stimulus persists, the inflammation will develop into a chronic noncontrollable state with the infiltration of mononuclear cells. 1 The concept of inflammation mentioned below refers to chronic uncontrolled inflammation.
Epidemiological studies have shown that chronic inflammation leads to a significant increase in the incidence of cancer, particularly tumors of epithelial origin. For example, the incidence of pancreatic cancer following chronic pancreatitis increased by 16-fold, which did not include clinically difficult to detect small foci of inflammation in the pancreas. The incidence of colorectal cancer in patients with inflammatory bowel disease has significantly increased. Liver, stomach, bladder, prostate, and thyroid cancers are also associated with chronic inflammation. [2] [3] [4] [5] [6] Studies have shown that various factors leading to uncontrolled inflammation also cause cancer directly. Chronic infection is a predisposing factor for tumors. Hepatitis B virus (HBV) and hepatitis C virus (HCV) infection cause liver cancer, human papillomavirus (HPV) infection causes cervical cancer, Epstein-Barr (EB) virus infection causes nasopharyngeal carcinoma and multiple lymphoma, helicobacter pylori (Hp) infections cause gastric carcinoma and mucosa-associated lymphoid tissue (MALT) lymphoma, and Opisthorchis viverrini infection causes cholangiocarcinoma.
Studies have shown that in a chronic inflammatory microenvironment, parenchymal cell signaling pathways are disordered. Followed which, a series of genelevel editor modifications, epigenetic changes, as well as transcription and translation regulation changes lead to cell mutations and phenotypic transformations. It is known that the carcinogenic process is not formed by a single signal, protein, or cytokine but by a complex molecular network consisting of a number of genes, various biological molecules, or metabolic small noncoding RNA molecules. Although the molecular network is extremely complex, there are key nodes in the core area which may involve the interaction of only a few key molecules.
Chronic inflammatory microenvironment
In general, a chronic inflammatory microenvironment includes inflammatory cells (neutrophils, eosinophils, lymphocytes, basophils, and macrophages) and matrix components (stellate cells, fibroblasts, immune cells, endothelial cells, extracellular matrix (ECM), as well as soluble proteins such as cytokines and growth factors) in addition to parenchymal cells. The formation of this microenvironment depends primarily on inflammatory cell activation. Inflammatory cells are activated by inflammatory stimuli such as tissue necrosis, bacterial infection, lipopolysaccharide (LPS), and bioactive lipids. Pro-inflammatory cytokines can be divided into two categories: pathogen-associated molecular patterns (PAMPs) and damage-associated molecular patterns (DAMPs). PAMPs, which are widely present on the surface of pathogens, are mainly recognized by Toll-like receptors (TLRs), scavenger receptors, nucleotide oligomerization domain (NOD)-like receptors (NLRs), RIG-I-like receptors (RLRs), and C-type lectin receptors (CLRs). PAMPs, including HMGB1 and heat shock proteins (HSPs), are mainly released in pathological conditions such as wounds and infection. Inflammatory cells recognize DAMPs via specific receptors such as TLRs. Once the pattern recognition receptors and the corresponding ligands bind, inflammatory cells are activated by downstream signaling pathways, leading to gene and cell phenotype expression changes. Activation of inflammatory cells marked by the nuclear factor-κB (NF-κb) signaling pathway forms a wide variety of inflammatory signaling molecules mediating an inflammatory microenvironment through autocrine or paracrine factors, which promote further release of inflammatory mediators, resulting in the inflammation of cascade.
Further evidence has shown that the inflammatory microenvironment matrix components including stellate cells, fibroblasts, myofibroblasts, blood vessels, and the ECM also play important roles in maintaining the inflammatory microenvironment. Parenchymal cells are always present in the chronic inflammatory microenvironment. Similar to the process of development and regeneration interactions between endoderm and mesoderm cells, there are also interactions between epithelial and mesenchymal cells in the chronic inflammatory process, which are highly dynamic interactions and can affect the inflammatory microenvironment. Mesenchymal cells by secreting cytokines may induce the differentiation of epithelial cells. The main source of fibroblast-like cells is stellate cells. Hepatic stellate cells, for example, are activated primarily by autocrine or paracrine cytokines, oxidative stress, and changes in ECM of the microenvironment. 7, 8 Activated stellate cells secrete ECM and change into fibroblasts, leading to chronic and irreversible inflammation. Similarly, epithelial cells also have an effect on mesenchymal cells. Vascular endothelial cells migrate to sites of inflammation under the action of chemokines secreted by inflammatory cells and form microvasculature within the area of chronic inflammation due to the action of growth factors such as vascular endothelial growth factor (VEGF), plateletderived growth factor (PDGF), insulin-like growth factor (IGF), and transforming growth factor-β (TGF-β) and other factors secreted by fibroblasts, chronic inflammatory cells, and parenchymal cells. Kras in the inflammatory cells can induce the expression of Shh and then activate Gli in stromal cells. Once activated, Gli can bind to the interleukin (IL)-6 promoter to promote its expression. The increase in IL-6 expression in stromal cells in turn induces activation of signal transducer and activator of transcription 3 (STAT3) in parenchymal cells. Thus, the interaction between inflammatory cells and matrix formation takes place in the chronic inflammatory microenvironment. Chronic inflammatory cell infiltration, fibrosis, and angiogenesis often result in the formation of masses in organs and tissues in chronic inflammation.
Signaling pathway disorders in parenchymal cells induced by chronic inflammation
Signaling pathway disorders occur in parenchymal cells due to various inflammatory factors, including the NF-κB 9 pathway, Janus kinases (JAKs)-STAT pathway, 10 Wnt/βcatenin pathway, RAS-RAF-mitogen-activated protein kinase kinase (MEK)-extracellular signal-regulated protein kinase (ERK) pathway, phosphoinositide 3-kinase (PI3K)-AKT-mechanistic target of rapamycin (mTOR) pathway, and the Hedgehog pathway.
In addition, when oxidative stress occurs, cells which are attacked by reactive oxygen species (ROS) activate phospholipase A2, which results in the hydrolysis of membrane phospholipid, the release of arachidonic acid, and promotion of activator protein 1 (AP-1) expression. ROS can also activate the transcription factor JNKs and then activate the Fos and Jun gene promoter to induce transcription. ROS can also activate NF-κB via IκB kinase. In addition, reactive oxygen/nitrogen species can activate or inhibit many signaling pathways and some signals mediate molecules which then regulate the expression of genes, such as in the nuclear factor E2-related factor 2-cytoplasmic chaperone protein (Nrf2/Keap1) signaling pathway, 11 NF-κB signaling pathway, 12 mitogen-activated protein kinases (MAPKs), 13 protein kinase mTOR, 14 and protein kinase C (PKC). 15 Enhanced cellular proliferation signaling increases the risk of cell mutation. Continued abnormal activation of STAT3 can lead to a variety of diseases such as lung cancer, colon cancer, breast cancer, and prostate cancer. 16, 17 Long-term chronic inflammation results in the overexpression of cell growth factors such as EGF, VEGF, and PDGF-B and the corresponding membrane receptors. Cell growth factors, which bind the cognate cell surface receptors, result in receptor tyrosine kinase (e.g. epidermal growth factor receptor (EGFR) and vascular endothelial growth factor receptor (VEGFR)) carboxyl terminus hyperphosphorylation. A series of reactions then leads to excessive activation of Ras kinase. 18, 19 If the Ras protein is activated, the cell will receive a continuous stimulus, which will result in the cell being in a constant state of growth and proliferation which then increases the possibility of cancer. 20, 21 In this inflammatory state, Wnt proteins secreted by the cells bind to cell surface receptors FZD and LRP5/6 and activate the Wnt/β-catenin signaling pathway, which regulates target gene transcription such as c-myc, cyclin D1, survivin, gastrin, c-met, VEGF, cyclooxygenase-2 (COX-2), CD44, and matrix metalloproteinases (MMPs). 22 Abnormal expression of the wnt pathway has been found in many tumor tissues, such as lung cancer, 23 colorectal cancer, 24 breast cancer, 25 and malignant melanoma. 26 Molecular studies have shown that the Hh signaling pathway can be activated by Ki-ras gene mutation, NF-κB signaling pathway activation, and TGFβ. [27] [28] [29] Target genes of the Hedgehog signaling pathway, whose target genes are a growth factors or growth factor receptors frequently including IGF-2, VEGF, and platelet-derived growth factor receptor (PDGFR), 30 already have been discovered in the basal cell carcinoma, gastric cancer, colorectal cancer, esophageal cancer, pancreatic cancer, prostate cancer, breast cancer, lung cancer, ovarian cancer, endometrial cancer, and liver cancer tumors.
Numerous studies have shown that a chronic inflammatory microenvironment can induce parenchymal cell pathway signaling disorders and crosstalk between signaling pathways. On this basis, these events result in a series of editorial modifications at the gene level, regulation at the transcription and translation levels, as well as in epigenetic changes, which can affect gene structure eventually leading to cancer.
Genetic changes caused by signaling pathway disorders in parenchymal cells
Carcinogenesis is a multi-stage and multiple-mutation accumulation process which can be divided into three phases using the molecular switch theory: start-up period, evolution period, and cancerous period. The theory involves some switching genes. Once the switch gene is mutated, cells enter the start-up period which will inevitably progress to cancer. The evolution period refers to cell signaling pathway disorders and crosstalk and other gene mutations which are the start genes. Cells then enter the cancerous period and show malignant behavior such as metastasis and angiogenesis when mutations accumulate to a certain level. It is unknown whether the presence of the switch gene in some cancers does not show significant start-up period features. Although the presence of Ki-ras gene mutation has been found in early pancreatic cancer, studies have shown that Ki-ras gene mutation is also found in normal pancreatic tissue, and Ki-ras mutation alone does not lead to pancreatic cancer. These findings show that the existence of the start-up phase is inconclusive, but the process of evolution is recognized. The main characteristics of evolution are serious cell signaling pathway disorders, resulting in continued accumulation of genetic mutations, which behave as precancerous lesions.
It can be speculated that intracellular signaling pathway disorders may cause genetic mutations through the following mechanisms according to the literature: (1) produce a mutation hotspot and increase the mutation rate by regulating the DNA modification process (methylated bases, deaminated bases, etc.); (2) inhibit base mismatch repair (MMR) system function through epigenetic pathways; (3) influence or are directly involved in DNA replication or repair procedures or directly induce gene mutations by regulating the expression of downstream genes; and (4) other mechanisms.
Regulation of the DNA modification process
Cancer is caused by a genetic defect and epigenetic gene changes. DNA methylation and histone deacetylation are the most common epigenetic events. 31, 32 DNA methylation is controlled by DNA methyltransferase (DNMT), a methyl provided by S-adenosylmethionine covalently binding to cytosine on the fifth carbon atom to form 5-methylcytosine. The nucleotide sequence is unchanged after DNA methylation, but gene expression is affected, which could lead to mutations or canceration. There are three DNMTs involved in DNA CpG island methylation: DNMT1, DNMT3a, and DNMT3b. IL-6 can regulate the expression of DNMTI by activating the PI3K/Akt signaling pathway at the messenger RNA (mRNA) level. 33, 34 The ERK-MAPK signaling pathway is also involved in the regulation of DNMTI expression. 35 Abnormal whole genome hypomethylation which causes activation of oncogenes and CpG island hypermethylation which induces transcriptional inactivation of tumor suppressor genes have become hot issues in cancer research. An overall decline in the genomic methylation level will result in genomic instability, abnormal expression of transposons, abnormal gene expression, malignancy, and oncogenesis. [36] [37] [38] [39] Low genomic DNA methylation can also promote loss of heterozygosity (LOH), 40 which causes harmful gene expression such as activation of oncogenes or the expression of oncogenes or related factors. 41 There is a high concentration of methylated regions around chromosome centromeres; if dense methyl groups are lost, genetic damage and mutations on chromosomes are induced. 42, 43 CPG island methylation is closely related to cancer in eukaryotic cell DNA. 44, 45 Methylated cytosine is easily deaminated to thymine spontaneously, resulting in an increased mutation rate. It has been shown that CpG is converted to TpG in gene mutations and methylation of cytosine (C) is significantly higher than non-methylated C and increases the probability of the formation of pyrimidine dimers. Studies have found that it is common to find C → T or CC → TT mutations in skin cancer. Histone acetylation-related enzymes include histone acetyl transferases (HATs) and histone deacetylases (HDACs). Hypermethylation of CpG islands and HDAC synergies by specific methylation binding protein (MeCP) induces associated DNA damage repair genes, cell-cycle regulation, and apoptosis genes, and angiogenesis genes are expressed and tumors are induced. [46] [47] [48] Abnormal CPG island methylation has gene specificity and tumor specificity, as BRCA1 gene promoter hypermethylation occurs in breast cancer, ovarian cancer, prostate cancer, and uterine cancer cells, whereas hM1H1 MMR gene promoter hypermethylation occurs in colon, stomach, and endometrial cancer cells.
Cytidine deaminase (AID) is a demethylase, which changes 5-methyl cytosine (5-mC) into thymine (T) to form a G:T mismatch by deamination. Identification of the G:T mismatched glycosylase initiates the base excision repair (BER) pathway to complete DNA demethylation. AID is highly expressed in many cancers and can induce mutations in multiple genes, including P53, c-Myc, and Bcl-6 gene mutations. Research has shown that during transcription, the induced negative supercoiled form of singlestranded DNA fragment is a substrate of AID-mediated mutagenesis. 49 A TLR signal and a B-cell surface antigen receptor (BCR) signal can induce AID, 50 thus increasing the mutation frequency.
Cytosine deaminase APOBEC3B, a type of cytosine deaminase, has activity against a variety of retroviruses and endogenous retroviral elements and results in specific cytosine (C) on the minus-strand DNA which deaminates into uracil (U) in the viral reverse process, and this mutation can thus result in a positive-strand DNA to form a G → A hypermutation. 51, 52 This hypermutation generates premature termination codons or highly mutated nonfunctional viral proteins, inhibiting viral replication. APOBEC3B is associated with a wide variety of tumors such as breast cancer, 53 chondrosarcoma, 54 and lung cancer 55 and can be induced by cytokines such as interferon (IFN), IL-2, and tumor necrosis factor (TNF). It is reasonable to assume that an abnormal increase in APOBEC3B may also be associated with one signaling pathway or a few signaling pathway disorders according to the literature.
Regulation of nucleotide MMR system functions
DNA repair is key to the genetic stability of cells, and a decline in DNA repair capacity leads to increased cancer susceptibility. 8-oxodG, one of the modification products caused by ROS/reactive nitrogen species (RNS) in DNA oxidative damage, can remove the MSH2/MSH6 promoter of proto-oncogenes, downregulate or silence MMR proteins, increase the accumulation of replication errors in the overall genome DNA, and become an initiation factor of cell mutagenesis, teratogenesis, and carcinogenesis. 56 Intracellular O6-methylguanine-DNA methyltransferase (MGMT) is a direct DNA repair gene and is usually inactivated due to hypermethylation in colorectal cancer, lung cancer, and lymphoma. When MGMT promoter methylation occurs, MGMT decreases and the ability to clear O6-methylguanine is reduced; thus, there is a mismatch with T in DNA replication, which leads to the development of G:C → A:T mutations that cause cancer gene activation and inactivation of tumor suppressor genes (such as p53 and K-ras). 57 The BER-related genes are hOGG1, MYH, and MTH1. hOGG1 identifies and removes the 8-OHd G:C → A:T transversion in double-stranded DNA caused by active oxygen. [58] [59] [60] It was found that increased 8-hydroxy-deoxyguanosine (8-OHdG) can induce changes in hOGGl gene expression. 61, 62 Low hOGG1 gene expression causes a reduction or loss of the cellular repair capacity of 8-OHdG, resulting in an abnormally elevated DNA mutation rate. hOGG1 gene defects or abnormal expression are closely related to lung cancer, head and neck cancer, kidney cancer, and skin cancer. 63, 64 MYH fast scans sub-strand DNA after DNA replication and excises A mismatched with 8-OHdG in sub-stranded DNA. This leads to G:C → A:T transversion in the replication process if MYH protein is inactivated, resulting in increased G:C → A:T mutations which significantly increase the incidence of colon cancer. The most important related MMR genes are hMLH1 and hMSH2, which result in a common type of mutation such as deletion and methylation, resulting in cell MMR dysfunction and the promotion of tumorigenesis.
MiRNAs
Parenchymal cell signaling pathway disorders affect the expression of downstream genes, including miRNAs, leading to a series of induced effects. 65 The abnormal expression of miRNAs has been found in a variety of tumor-associated uncontrollable inflammatory conditions and diseases, 66 such as miR-21-related lung cancer and breast cancer, miRNA-15-and miRNA-16-related chronic lymphocytic leukemia (CLL), and miR-221-/miR-222-related papillary thyroid tumors and malignant glioma. MiRNAs are associated with carcinogenic effects in two main ways: (1) as tumor suppressor factors which inhibit proto-oncogenes and reduce tumor suppressor level and (2) decrease tumor suppressor gene regulation to produce a similar effect in cancer genes. For example, miRNA-15 and miRNA-16 loss or downregulated function related to CLL, 67 lower miRNA let-7 expression related to lung cancer, 68 and downregulated miR-143/miR-145 related to colon cancer; 69 while the upregulation of some miRNAs is related to tumor development, such as miR-221/miR-222 in papillary thyroid tumors 70 and malignant glioma, 71 miR-21 in breast cancer and lung cancer, 72 miR-155 in Hodgkin's lymphoma 73 and B-cell lymphoma, 74 and miR-17-92 in B-cell lymphoma 75 and small-cell lung cancer. 76 Abnormal miRNA expression can directly or indirectly affect the cell signaling pathways in turn. MiR-214 can control the Hedgehog signaling pathway by negative regulator of protein su (fu). MiRNA-146a controls TLRs and cytokine signal transduction by reducing IL-1 receptordependent kinase 1 and TNF receptor-associated factor 6 protein levels. MiRNA-61 sustains activation of the Notch pathway, thereby resulting in cell signaling disturbance and crosstalk, leading to other mutations.
DNA oxidative damage
DNA oxidative damage is also an important mechanism of carcinogen-induced cancer because DNA is an important target molecule of radical attacks. Pathways like NF-κB pathway and pro-inflammatory factors like TNF-α, IL-6, and TGF-β can also activate the parenchymal cells to produce excess ROS and RNS, [77] [78] [79] which induced DNA damage and genomic instability such as base mismatches, modifications, oxidation, the formation of apurinic/ apyrimidinic site, DNA breakage, and increased frequency of mutations. It can be speculated that DNA oxidative damage is caused by the following mechanisms: (1) Hydroxyl radicals can attack DNA molecule ribose carbon positions 3 and 4, causing fracture of the adjacent phosphodiester bond skeleton fracture. DNA strand breaks were constantly repaired; however, enzymes involved in DNA repair are also under attack by free radicals, resulting in mismatches or losses leading to mutations. (2) ROS also oxidized deoxy nucleic acid C-1 and C-4 positions. Oxidation at C-1 position caused the loss of bases in complementary sites then replaced by adenine in the base repair process, while oxidation at C-4 position would causes DNA strand breaks, which caused base deletion, activation of oncogenes and inactivation of tumor suppressor genes (reactive oxygen species causes inactivation of tumor suppressor gene P53 and the activation of protooncogene Ras in inflammatory epithelial cells). (3) NO oxidative stress generated can increase DNMT enzyme, causing significantly a large number of cytosine methylation and leading to inactivation of tumor suppressor genes including P16INK4a and E-cadherin. (4) 8-hydroxy-deoxyguanosine (8-oxodG), formed by the oxidation of guanine, is genotoxic and mutagenic, 80,81 making deoxycytidine triphosphate (dCTP) and deoxyadenosine triphosphate (dATP) competitive binding to itself during DNA extended and giving priority to pair with adenine, causing G:C → A:T transversion. 82, 83 Areas with oxidative damage parts are prone to fall off the bases leading to breakage of DNA strand, 84 thus inducing mismatched bases and transcription error infidelity during DNA replication. 8-oxodG accumulation in DNA may stimulate the somatic cell mutation and the occurrence of genetic diseases. 85, 86 P53 gene has a G:C → T:A transversion in lung and kidney cancer; 87 G → T and C → T transversions have been found in colorectal cancer cells and increased 8-OHdG has been observed. 88 
Conclusion
Carcinogenesis is a complex process of multi-stage, multi-gene changes and epigenetic changes. Complex regulatory networks are formed by a large number of cells, matrix components, cytokines, and signaling pathways. It is widely accepted that chronic inflammation causes cancer due to inflammatory microenvironment components in inflammatory cells, stromal cells, and their secretion of inflammatory mediators. Signaling pathways are the main ways through which genes perform various biological functions. Gene expression observed at different stages of the disease contributes to understanding the function of genes that significantly altered. Persistence of the inflammatory microenvironment sustains activation of cell signaling pathways, causing a reduction in epithelial cell apoptosis, sustainable growth, and increased proliferation. At the same time, complex metabolic reactions produce a large number of metabolites that stimulate epithelial cell proliferation and neoplasia and play an important role in tumor development. There are also complex interactions between key signaling pathways, which form a network of mutually activated factors. In addition, signal pathway activation can cause the production of a large number of cytokines, creating a microenvironment conducive for tumor cells to escape immune surveillance. Thus, there is sequential activation of key signaling pathways in the cascade evolution process of inflammation-related canceration. The sequential activation of interacting networks influence each other resulting in a large number of signaling molecules and a microenvironment that promotes tumor development. Therefore, research on inflammation and the development of cancer has significance in clinical diagnosis, treatment, and prognosis.
